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We have established a new measurement method to evaluate the adsorbed moisture 
concentrations on solid surfaces exposed to the atmosphere having high moisture content 
ranging from 100 ppm to a few percent. The technique is based on the variation of the electric 
conductivity of anhydrous hydrogen fluoride. It has been found that the amount of adsorbed 
moisture on electropolished 3 16L stainless steel surface in an atmosphere with moisture 
concentration of 1% and 3% at 25 “C (relative humidity of 32% and 96% respectively) are 
2.5 X lOI and 1.25 X 1017 molecules/cm2, respectively. This represents 25 and 125 molecule 
layers of water. The adsorbed moisture has been confirmed to reach an equilibrium level within 
an exposure time of 1 s. 
I. INTRODUCTION 
With the growing demand for highly integrated semi- 
conductor devices, the ultraclean processing environment 
of ultra large scale integrated (VLSI) manufacturing is 
becoming more essential to establish highly reliable and 
reproducible production. Any contamination, moisture in 
particular, in gas phase processes must be eliminated com- 
pletely in order to improve quality.’ In semiconductor pro- 
cessing, various corrosive and reactive speciality gases are 
used. The residual moisture in these specialty gases can 
lead to serious problems on the surface of the gas delivery 
system and processing chamber, resulting in a deteriora- 
tion of the devices’ yield and performance. Water mole- 
cules have been found to adhere immediately on these in- 
ner surfaces, reaching an equilibrium level. The speciality 
gas molecules such as HF, HCI, and HBr dissolve in this 
water layer and immediately dissociate to active ions caus- 
ing severe corrosion of metal surfaces. This results in de- 
terioration of device performance and production yield due 
to severe metallic contaminations. Therefore, it is neces- 
sary to employ surfaces which have a very low surface 
activation energy for water adsorption and desorption, 
such as Cr203.2 Water molecules can then be easily re- 
moved from the gas distribution system and the process 
chamber while the effort to decrease the remaining mois- 
ture level in speciality gases is simultaneously promoted. 
Very little is known as to how much moisture adsorbs on 
wafer surfaces and the inner surfaces of processing cham- 
bers which are exposed to clean room air with moisture 
concentrations greater than 1%. In order to better under- 
stand the problem of adsorbed moisture on surfaces, it is 
important to measure exactly the amount of adsorbed wa- 
ter molecules on these surfaces after exposure to the clean 
room air. 
The amount of adsorbed moisture on solid surfaces has 
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been studied by using interference refractometry and other 
methods.3.4 We have evaluated the amount of adsorbed 
moisture on various kinds of solid surfaces exposed to gas 
including moisture level less than a few ppm by using the 
atmospheric pressure ionization mass spectrometer 
(APIMS).5-7 Using this method, it is possible for the first 
time to measure the amount of adsorbed moisture on the 
solid surface exposed to not only bulk gases such as N2, 
Ar, etc. but also speciality gases such as SiH4, Si,H6, HCl, 
HBr, etc. This method has enabled us to measure the 
amount of adsorbed moisture on solid surfaces exposed to 
the atmosphere with moisture concentration less than sev- 
eral ppm. We have now developed a new measurement 
system to evaluate the amount of adsorbed moisture mol- 
ecules on a solid surface exposed to an atmosphere with 
higher moisture concentrations, i.e., ranging from 100 ppm 
to a few percent, where an air with moisture concentration 
of 1% corresponds to a relative humidity of approximately 
32% at 25 “C!. 
In this paper, we report that the amount of adsorbed 
moisture on an electropolished stainless steel surface can 
be measured after exposure to an atmosphere with mois- 
ture concentrations ranging from 100 ppm to 3% by mea- 
suring the variation in the electric conductivity of liquefied 
anhydrous hydrogen fluoride (AHF). It has been found 
that the amounts of adsorbed moisture on an electropol- 
ishcd stainless steel surface in an atmosphere with moisture 
concentrations of 100 ppm, 1% and 3% are 7~ 1015, 
2.5 X 1016, and 1.25 X lOI molecules/cm2 in equilibrium, 
with an exposure time greater than 1 s. This represents 7, 
25, and 125 molecule layers, respectively. Therefore, the 
surfaces of the gas delivery system, processing chamber 
and semiconductor substrate are immediately covered with 
water molecules of more than 25 layers when their surfaces 
are exposed to the clean room air. 
II. EXPERIMENT 
Figure 1 shows a schematic diagram of the system used 
for measuring the amount of adsorbed moisture molecules 
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FIG. 1. A schematic diagram of system for measuring the amount of adsorbed moisture molecules on inner surface of tube. 
on the inner surface of a tube. All parts of the system are 
made of 316L stainless steel where the inner surfaces were 
electropolished to mirror finish. This measurement equip- 
ment was composed of integrated all-metal components in 
which the gas dead spaces were eliminated as much as 
possible. The components which come into contact with 
the gas and liquefied AHF are all metal and have no plastic 
materials, because plastic materials can retain a great 
amount of moisture. Electropolished 316L stainless steel 
l/4 in. diameter and having a length of 40 cm was used for 
the sample tube. The AHF supply cylinder and sample 
tube were heated by sheath heaters, and PID sensors were 
used for controlling the temperature within h2 “C. The 
flow rates of the gas and liquefied AHF were controlled 
with a mass flow controller (MFC) . The electric conduc- 
tivity measurement system and the conductivity cells were 
maintained at 3 +0.2 and O&O. 1 “C, respectively. These 
newly developed electric conductivity measurement cells 
were compatible with liquefied speciality gases such as HF, 
HCl, HBr, etc. at the foregoing temperatures.8 
The sample tube was baked at 400 “C for 1 h with 
flowing ultraclean Ar gas (50 ppt moisture) to remove the 
adsorbed moisture on the inner surface of the tube. After 
cooling the sample tube to 25 “C, the ultraclean Ar gas was 
replaced by Ar gas with a predetermined moisture concen- 
tration ranging from 100 ppm to 3%. After the water was 
adsorbed onto the inner surface, the residual gas in the 
system was evacuated. The liquefied AHF at 0 “C was then 
flowed to the sample tube at a rate of 2 cc/min. The vari- 
ation in the electric conductivity of liquefied AHF at the 
outlet of the sample tube was then measured with the con- 
ductivity cells. 
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Ill. RESULTS AND DISCUSSION 
Figure 2 shows the variation of the electric conductiv- 
ity of liquefied AHF at 0 “C, where the inner surfaces of the 
sample tubes are exposed to Ar gas having four different 
moisture concentrations of 100, 1000, 5000, and 10 000 
ppm for 1 h at 25 “C. The total amount of, moisture in 
liquefied AHF is easily derived from the relationship of 
electric conductivity to moisture level shown in Fig. 3.9 
The amount of adsorbed moisture molecules on electro- 
polished 3 16L stainless steel surface is plotted as a function 
of moisture level in the Ar gas as shown in Fig. 4. It can be 
seen from Fig. 4 that the amount of adsorbed moisture 
molecules are 7x 1015, 1 X 1016, 1.5 x 1016, 2.5 x 10t6, 
3.7 x 10’6, 9.0 x 10’6, and 1.25 X IO” molecules/cm’ for 
gas phase moisture concentrations of O.Ol%, O.l%, OS%, 
l%, OS%, l%, 1.5%, 2%, and 3% which correspond to 
approximately 7, 10, 15, 25, 37, 90, and 125 molecule lay- 
ers (the density of adsorbed H,O molecule layer is as- 
sumed the same as that of bulk water). The relative hu- 
midity in an atmosphere with moisture concentrations of 
l%, IS%, 2%. and 3% are approximateiy 32%, 48%, 
64%, and 96%, respectively, at 25 “C. Therefore, it is con- 
firmed that the inner surfaces of the gas delivery system 
and processing chamber are covered with a water layer 
more than 25 molecules thick when their inner surfaces are 
exposed to the clean room air. 
Furthermore, we have investigated the gas phase ex- 
posure time dependence of the adsorbed moisture concen- 
tration with the gas phase moisture concentrations of 
0. l%, I%, 1.5%, 2%, and 3%. The results of these exper- 
iments are shown in Fig. 5, where the gas phase exposure 
time is varied from 1 s to 1 h. It can be clearly seen from 
Fig. 5 that the amount of adsorbed moisture molecules is 
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FIG. 2. The variation of the electric conductivity of liquefied AHF at 
0 %. The liquefied AHF was flowed through the sample tubes exposed to 
Ar gas having four moisture concentrations of 100, 1000, 5000, 10 000 
ppm for 1 h at 25 ‘C. 
independent of the gas phase exposure time at times longer 
than one second. This result clearly indicates that the solid 
surface is immediately covered with adsorbed moisture 
molecules in equilibrium with gas phase moisture concen- 
tration even when the gas phase moisture concentration is 
less than the saturated moisture concentration, i.e., 3.1% 
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FIG. 3. Relationship between the electric conductivity and moisture con- 
centration in liquefied AHF at 0 ‘C. 
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FIG. 4. The amount of adsorbed moisture molecules on electropolished 
316L stainless steel surface plotted as a function of moisture concentra- 
tion in Ar gas. 
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FIG. 5. Th.e gas phase exposure time dependence of the adsorbed mois- 
ture concentration. The gas phase moisture concentrations were set at 
O.l%, l%, 1.5%, 2%, and 3%, respectively. 
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at 25 “CL That is to say, when the inner surfaces of the gas equipment must be equipped with an in situ chamber 
delivery system and processing chamber are exposed to the cleaning function in order to eliminate opening the cham- 
clean room air, the moisture in the atmosphere adsorbs ber for cleaning.‘o This new method for evaluating ad- 
immediately onto their surfaces to the equilibrium level. sorbed moisture concentrations on solid surfaces works 
This situation is probably very similar to the semiconduc- very effectively to establish requirements for the future of 
tor substrate surfaces, which is now under study. advance IJLSI manufacturing line. 
IV. DISCUSSION 
In summary, we have established a new method of 
measuring the adsorbed moisture concentrations on solid 
surfaces exposed to the atmosphere having moisture con- 
centrations up to a few percent by using the variation in 
electrical conductivity of AHF. The adsorbed moisture 
concentrations on electropolished 316L stainless steel sur- 
face have been shown to be greater than 2.5~ 1Ol6 
molecules/cm2 if the surfaces are exposed to clean room 
air. Therefore, in order to prevent the moisture adsorption 
onto the inner surfaces of a gas delivery system and pro- 
cessing chamber and possibly on the wafer surface, all 
these surfaces must be protected from the clean room air. 
Consequently, it is essential to introduce a closed manu- 
facturing system” in which wafers are treated in an uftra- 
clean environment such as ultraclean N2, and processing 
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